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ARSTRACT

Work during the quarter has been: (i) An examinstion of the crystal
chemistry of a series of rare earth-rhenium oxide compcunds. Some gix new
compounds heve been prepared. (ii) Work on the vanadium-oxygen system has
been completed and is iricluded here as Technical Report Number 1. Work has
continued on the Sm-0 and Eu-0 systems with many attemots tc duplicate liter-
ature preparation methods for SmO0 and Eu0. SmO and probabiy Sm30h have been
prepared,

PURPOSE

It is now generally acknowledred that the preparation and characterize-
tion of the material is as important a part of a solid state research or
development problem, as the vhysical measvrements made on the material.
Clearly onie of the major aspects of materiasls preparation is the ability
+to predict conditions vnder which new msterials may be prepared, and to
delineate the physico-chemical conditions which define the stability and
reproducibility of a phase. The purpose of this contract is to provide
such crystal chemical information to complement solid state physics and
device development research. Because materials with interesting magnetic,
electric and optical properties usually involve elements witl unfilled shells,
the research is concentrated on systems involving transition metals such ss
Mn-0, Cr-0O, Tc-0 and V-0, and ru.: ecarth systems such as Nd-O, Eu-0 and Sm-O.
Twc approaches are used. In c..e the thermodynamics of the pertinent binary
and ternary systems are determined using careful control of composition,

temperature and oxygen activity snd the most refined methods of phase analysis.
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In the other, principles of crystsl chemistry are systematically applied to
predict and prepare new phases with impcrtant structures in poly-ccmponent
systems. Combination of the two approaches alliows a systematic preparation

[y

cf examples of important structures containing unusual ions such as Cr4+,
Feh+, Eu2+, ete,
PUBLICATIONS, REPORTS AND CONFERENCES

The following paper, supporied by the previous contract appeared during
the quarter:

"Stabiiity of NiETiOh", by R. K. Datta snd Rustum Rcy. Zeits. fur

Krist. 121, 410-417 (1965).

FACTUAL DATA

1. Search for New Ferrimagnetic Compounds

t -
A. The System MgO-Cr203 02

Further studies have been csrried out in the system MgO—Cr203—09 at high
oxygen pressures, especially near the MgCrOx region. This study will be
continued especially in the 1-2 kb region.

B. The Systems NdEOE-ReOE, Dyaoi—ReO2 and Yb203—ReO2

The systems NdEOS-REOE, DyQOj'ReOE and ngO%—ReOe

the temperatures 1130°C and 1300°C. The appropriate oxide mixtures were

have been studied at

sealed intc Pt tubing and heated in an argon atmcsphere *“o prevent air oxida-
tion of the sasmples in case of leakage. In general, it wass found that for
rare earth/rhenium ratios < 1, the Re02 disproportionates, yielding Re metal
and 8 hygroscopic rhenium rich phase {probably contsining heptavalent Re).
For rare earth/rhenium > 1, black or nearly black compounds were obtained.

These probably contain tetravalent rhenium.
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The foliowing phases have been identified both by x-ray diffraction and
by electron microprobe analysis:

1. Yb Rel Apparently this phase is isostructursl with the previously

5
roported orthorhombic phases "Dnge207" and "ErQRe207". It is now apparent

that the true stoichiometry cf these orthorhombic phases is DyEReOS and

Er,.Re0_.
r,, 5

2. Ng;Re,O.,, {2Nd20

yRez0, -§Re02). The x~ray pattern of this phase is rather
e

3

complex and has not yet been identified as belcnging to any known structure.

3. Nd.,ReO_. Thc powder pattern of this phase has been Indexed on the
2]

2
basis of a tetragonsl uait cell with a, = 12,28, ¢, = 5.886A.

L. Nd63e2013, (3Nd203-2Re02). This phase has a distorted fluorite
structure.

The following phases have been identified by x-ray diffraction only:

1. DyEReOS. This phase is orthorhombic with 8y = 23.695, bO = 7.51&3,
¢y = 5.647K. It was formerly erronecusly designated as "DyaRe2 7".

2. DtheOB. This phase has an undistorted fluorite structure. This
phase is stable only at high temperatures ( ~/1300°C).

3. At lower temperatures a distorted fluorite structure forms ;n the
system ReOa-Dysz with a Dy/Re ratio > &,

In many runs the resulting products were off the starting stoichiometry
due to the volatility of ReO2 snd the other rhenium oxides. Ever the use of

platinum tubing protected by an argon stmosphere could not aslways prevent

leakaje of rhenium oxides.
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2. The Vans VumOxyren Syctoms

The study of the binary system V-0 was complet-d during the quarter,
A description of the work is included there as Teohnica' Report Number 1.
The report demonstrates that any of the Magneli-Tvpe rhrase in the rariaium-
oxygen system may be prepared essily under opea-system equilivrium conditions
by use of controlled oxygen-sctivity atmospheres. Secondly, it should be

possible to grow single crystals of the electricaslly interesting compound

jon}
[sV]

.

V02 from a seif-fluxing system by meltirng V.0, i

o0 inoar atmosphere of the

proper oxygen activity.

3, The Samarium and Furopium-Oxygen Syst=ms

ration of

[5¢]

During the past juarter, work has contvinued c¢n the prepa
Sm0 and Eu0. These compounds hiave been previously prepared by several

other researcners, but their results have been generally irreproducible in

s}

our Laboratories. The following is a summary of the proc=dures used, and
their results.
A. Reducticn of the Sesguioxide with the Metal

Sm20 and Sm metal were chosern for trese :

w3

iilal experaivenls Lecause
of the comparative ease of handling Sm over ¥u metal. Th=2 wnztal and ses-

quioxide were mixed in various preporiions. sealed 1210 z aluszted silica
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cepsules {10 ~ mmHg), and fired st “emperstire
products were always multiphased, consisting of the high temperature mono-
¢linje Torm of sz 3 and sn unknown rhzse which w'll be described later.

The Sm0 refleactions were absent from the powdsr pst-erns of ‘the products.
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B. Reduction of the Sesquioxides with Hydrogen
Sm203 and Eueo3 turn black at approximately £100° and 1800°C respectively
when heated in an iridium element strip furnace in a hydrogen atmosphere.
The only reflections on the powder patterns are those of the monoclinic forms
of the sesquioxides, bul with extensive intensity variations. The color
changes and the intensity variations probably indicate massive cxygen defects
in the sesquioxide structure.
C. Reduction of the Sesquioxide with Carbon
Graphite and the sesquioxide were ground together and compressed to
pellets. Tnese were placed in an iridium cortainer, end fired in s graphite
tube resistance furnace in both argon and carbon monoxide ztmospheres. The

reduction of Sm20 was shown not to occur with either atm~sphere, up to

b)
approximately 2050°C. Here the sample and the iridium containers reacted
to form an allcy andfor carbide. Initial attempts with Eu205 to 1600°C in
an argon atmosphere wer: unsuccessful.
I. Oxidation of Samarium Metal

"SmO" was first discovered as a coating on heat treatsd samsrium metal,
and its powder pattern was recorded. In sn attempt to reproduce this experi-
ment, small chunks of samarium metal were placed in a silica tube which was
sealed at one end, and held horizontal. The metal was spread from the closed
end to the oper. end, and fired to white heat in oxyhydrogen flame for f{ive
minutes. The metal nearest to the open end oxidized to the sesquioxide, but
that nesr the closed end gave a product whose reflections match the powder

pattern of "Sm0". IiL is strongly suspected that this product is a mixed

oxide-nitride phase. As lattice parameters are available for the oxide and




nitride end members, this hypothesis can be checked with precise measurement

of the lattice parameter of the product.

Last quarter, it was reported that a samarium silicate was probably form-
ing from reaction the metal and/or sesquioxide with the silica glass capsules.
To test this hypothesis runs were carried out in three inch zirconia tubes
placed inside large evacuated silica capsules. The products were the same
as those for similar compositions fired in silica capsules alone. It was
found that when the sesquioxide was run alone in the zirconia tube without
the metal, it partially reacted with the zirconia and was itself psrtially
reduced to the new phase mentioned above. Sm metal, having a large positive
oxidation potential, will rapidly react with the silica of the capsules in a
hydrogen flame, reducing it probably to metallic silicon. However, when Sm
and Sm203 are both present in either the silica or zirconia containers, the
thermodynamically favorable reaction is the one between the metal and the
sesquioxide.

The unknown phase from the Sm—Sm205 reactions was a white powder when
the amount ¢l Sm in the starting materials was near that necessary to react
with Sm203 to form SmO. However, when metal was in the mixtures in a consider
able excess, this phase had the form of a brick red powder and of blade-like
single crystals, which were sometimes several millimeters in length, and
which sppear to be orthorhombic. Orthorhombic Eujoh has been known for several
years, and it is believed that our unknown phase is Smjou. Single crystsl
and lattice parameter determinations will soon be carried out to test if these
single crystals are isostructural with EuBOh' As Sm30h would almost surely

be isostructural with Eujoh’ this will serve gs one test of the hypothesis.
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An oxidation experiment on the crystals using s precision talance
also serve to test this hypothesis.
PROGRAM FCR NEXT INTERVAL

The research on the vanadium-cxygen system is regarded as ccmplete and
no further work on this system is conterplated. Work on the topics cof systemetic
crystal chemistry of rhenium and of chromium compounds and the study of the
Sm-0 and Eu-0 systems will continue.

PERSOUNNEL

Dr. Rustum Roy, Director of the Materisls Research Laboratory, and
Dr. William B. White continue to direct the prciect. Mr. O. Muller and
Mr., G. . McTarthy are graduate studerts working cr treir P4.D. degrevs.
Dr. 5. Kachi nas retvurred to his permenant position at Kyclc Uriversivy aud

left the project in Septemter.
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‘Neél points at lower temperatures. There is an eutectic reaction between

Phase Equilibrium Studies and Transitions in the System V205-V205

Sukeji Kachi and Rustum Roy
Materials Research Laboratory
The Pemnsylvania State University
University Park, Pennsylvania
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ABSTRACT

Quenching and differential thermal analyses, x-ray diffraction studies

and magnetic susceptibility measurements were used to establish the binary

phase relations in the V2()3-V2(>‘5 system.

M bt e g

8even intermediate phases \7305 ’ vho7, V509, vsou, V,,O]_3 s VO'2 and V6°13
have been shown to be stable between ‘6]203 and vaos and in the temperature
range from liquid nitrogen to 1400°C. These phases, with the exception of
V6°11 and V6013 behave like antiferromegnetic substances exhibiting different
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vao,)_ and v6°15 at 650°C, and the V6015 phase decomposes incongruently into :
V02 and a liquid phase at 708°C. "

Some discussions on the nature of the phase transitions involving resis- '
tivity changes of 10'1 to 10'6 in the intermediate phases at lower temperathre
a: presented, in the light of- the new data.
freaented in p;rt at ti:ers:lxty—Seventh Ani;ual Meeting, The American Ceramic . :

Society, Philadelphia, Pennsylvenia, May 15, 1955 (Basicr,Science Division, #80-B-55). ,

At tae time this work vas done, the writers were, respectively, research associate

end Director of the Moterials Research Laborstory, The Pernsylvania State Univer-

sity. Sukeji Kachi is a Professor of Solid Siate Chemistry, Kysto University,

Japan.
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INERODUCTION

Since V20‘5 in an important oxidizing catalyst, the physico-chemical
aspects of the V2<)3--V2()5 system have been extensively studied. However, some
discrepancies exist in the literature concerning the phase relatiocns due to
the complexity of the system. Hoschek and Klenm(l) who first studied this
system suggested the presené‘e of three phases, a(vol.BO've.OO) s B'(V02.09-V02.35)

z .
and 'y(,vol.o,j-voléso) between: ‘1203 and: V205. Anderson(g""), Magneli, et al.(

and Aebi(s) reexamined this system by x-ray techniques and identified eight
oxides whose compositions are expressed by a general formula vno

2ntl
is an integer. These oxides are listed in Table 1. This series of phases

where n

with compositions expressed as Vnoan-l’ are sometimes called Magneli phases

after the main investigator. The structure of the Magneli phases is based on

the rutile structure, with periodic defects resembling stacking faults which

effectively -introduce extra planes of metal atoms(6) . The structure of VSOS’

V509 and V6°1_§ have beenA determined respectively by G. Alrxderson(3 ) s Aebi(s)
(6) ‘

and S. Anderson’ ‘.

Since then, other significant investigations by Burdese('?) and by Grossman(e)
have supported the results of Anders‘cn(a) and contributed much to the under- ’
standing of the phase relations in this system. Yowever, these studies have
been limiteq to experiments in the {emperature range from.600 to 1000°C, with
no contrel of the oxygen pressure; phase relations outside this region are still
in doubt. ‘

Recently, much interest has been directed from quite different sources
toward the electrical properties of Vaﬁj emd ‘102. Morin(g) fourd that V203
and V02~ are the rgpresentative of the clasg of oxides ;{hi:f.h exhibit g wotal-to-

insulator vhage transition at lower ‘emperatures. Since then, the conductien

e AR ————
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- ....-..(19) Aomdmemat b AV o e
mechanism hag been discussed by Morin and Goodendugh ha. used ihem &8

one of the prissry exaxnples for his narrow-band conduction nodel. Others(u’m’ls)
have also aiscussed this theory &lthcugh 3% is not yet generally accepted.
Additional conductivity data have been putlisked by Kachi, Tekada and Kosuge(lh) .
Though these conflicting theories remain to be solved in the future, it may
be expected that other interesting dectrical preperties will be found as these
materials are further developed. Beforz such detailed measurements were inter-
preted we felt it was essential that the detailed crystal chemical information
be obtained. Phase equilibrium studies relating composition and structure to

- temperature and partial oxygen pressure have, therefore, been carried‘out in
the temperature range from liquid nitrogen to 1400°C. In the present studies
phase identification of the intermediate oxides has been augmented bv magnetic
measurements and resistivity measurements in addition to the usual x-ray diffrsc-
tion methods.
EXPERIMENTAL PROCEDURES
(1) Starting Materials

11203 and \I205 were used as starting materials for the sample preparations.
V205 was obtained from the thermal decomposition of ammonium metavax'xadate
N!{kVC)3 at 550°C in air. \72()3 was prepared by reducing V205 in hydi'ogen at 850°C.
The x-ray powder patterns of the starting materials showed no extrsneous lines.
Ferromagnetic impurities in the vaos and V205 were estimated at less than 0,01%.
(2) Preparation and Reaction of Samples
Specimens wore reacted in sealed platimum tubes or in platinum in the

controlled oxygen atmosphere. For the studies of the phase relations in the
cbsed system, about 30 specimens of different compositions were prepered by

mixing V,0; snd V,0

5 in the required proportions. To ensure homogeneity, each




sample wais shaken for 10 minutes in 8 Wig-L~Buz. using a polystyrene vial and
agitater. Each mixture was sealed in a silica or plstinum tube and heated to
the desired temperature rangiang from 800°C 4o 1400°C. The dissociation press-
ure of oxygen in these samples was less than one atmosphere in the temperature
range used, being well below the strengtn of seals. The controlled oxygen
atmospheres were generated by using 00-002 gas mixtures in the temperature
range from 1100°C to 1300°C. In order to approach equilibrium from both
sides, VQOE and Véo were alvays used es dual siarting materials. The start-
irng materials were heated in a platinum furnace in a circulating atmosphere

of the CO-CO2 mixtures.
The ccmpesitions of the gas mixtures were respectively 3%, 1%, 0,1% CO and
pure 002, and total pressure was one atmospheric pressure. The product phase

wag identified by x-ray diffraction after gquenching from reaction temperature.

The gas mxitures weres obtained by mixing CC and 002 in e hizl. . r-essure storage

tank. The composition of the mixture was then determined by a gas chromctograph.

Adequate precautions were taken to obtuin equilibrium by varying the duration
of heating depending upoir the reaction temperature.
(3) Phase Identification

The phase characterization was done by x-ray diffrsction, mugnetic
susceptibility of guenched specimens and D,T.A. neasurements. X%fay powder
patterns . taken on a Norelco diffrsciometer usiig nickel fil%ered Cuk
reaiation, Magnetic susceptibility of the specimens was measvred by a
¥araday type torsicn balance in the temporature range from liguis nitrogen
to 200°C. D.T.A. was performed in the temperature rangehfrom liquid nitrogen

to 1000°C, TFor the low temperature D.T.A., & special sample hclder made of

i
i

e e
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& brass was devised. The holder had a ccld finger whose end was immersed in
Jiquid nitrogen during measurement. Heating curves were taken from the high
temperature range, and cooling curves for low temperatures at the rate of
4°/min and 15° /min, respectively.
RESULTS AND DISCUSSIONS
(1) Phases Presgent

As a result of the x-ray studies, the presence of seven Magneli-phases
v305’ vho,r, vsog_. véou, 117013 and V6013 was confirmed in agreement with the
f'esults of Anderson, but the VBO]_5 phasc could not be prepared in the present
experiments., Moreover, tha data established that these phases, with the excep-
tion of 3160_,."3 and VhO,?, are stable up to at least 1400°C. The ’i76013 phase is
only stable below 708°C and Vh07 dissociates at 1230°C. The x~ray powder
patterns obtained on these phases were in very good agreement with those of :

{2)

Anderson' ‘. 'fhe patterns were reporduced in an earlier paper by Kos;xge,

. Takada and Kachi(l5 ) The patterns of the homologous series V O, ., especially
n 2n-1

those for V,0, and v7ol3 » are quite similar to each other. Hence, it turned
out that in such cases, magnetic analysis was actually more effective for

-ghaae identification.

Pable IIT c<nows the symmary of susceptibility measurements on thz
Magueli phases prepared at 800’0.*(16) The presence of seven intermediate
phases was also confirmed from the measurements. All the phases, except
V6°11 and v7013 ’
Neél points. In spite of a marked kink in the susceptibility vs. temperature

behave like antiferromagnetic substances having different

WO g ot

* Except the V60 phase which was prepared at 650° below its melting point.
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curves of V205 and VOQ, it is still in cdoubt whether these pnases are truly

A
entiferromagnetic or not. Neutron diffraction studies by Paoletti, et al.(l7'

*
gave no positive evidence of antiferromagnetic spin alignment in these oxides,

.. {10
(:'roodenough(:L ) suggested that the magnetic anomaly in \1'203 comes from the

crystalline distortion accompanying the transition. However, as a matter of

phase identification, the presence of two phases in the specimens could be

identified by the observation of twoc kinks in the susceptibility vs. tempers-

ture curves. Figure 1 shows such an example: two kinks can be observed for

the two phase mixture of Vho.7 and V305’ cach corresponding to the unchanged

transition temperatures of Vho7 and VBOS’ respectively.

Figure 2 shows a summary of D.T.A. results of all the phases. No phase

transitions except those corresponding to the above mentioned magnetic transi-
tions can be observed. Figure 3 shows D.T.A. curves in the samples V02 08?

() b . { . . _
Vo, 7 (V6013), V02‘28 and V02.38 whose compositions are in the VO, V205

region. In curves of VO2 o8 and VO2 38 of Figure 5, the first discontimuity

at 650°C was assigned to an eutectic reaction between V6015 and vzos, and the

# Minomura, Tomon, et al.(la) also studied NMR spectra of V‘j1 in V205 , but

could not observe the spin alignment below the transition point. Meanwhile,

Jones(lg) has reperted that the Vsl NMR signal disappeers at the transition

point with decreasing temperature. Recently Kosuge(ao) reported that Fe‘j7
imbedded in VaO3 shows a hyperfine structure in the MOssbauer spectra below
the transition temperature. These could indicate the onset of the spin
ordering. Thece conflicting results seem to come from the compositional

differences of the samples; these results femain to be checked carefully

again, using well characterized samples.

W
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second to a peritectic reaction xﬁolfmyvo + Vaos rich iiquid, and the
third to mean s primary liqidus point at which V02 precipitates cut from

the melt. Figure 3 sugges’s thet the peritectic reaction extends as far

[LY

over as the composition of VOQ.IS’ wnich also means, at least, that the
eutectic composition is be;;rond“\foe‘58 heing very close to VQOS'
(2) Proposed Phase Diagram

Figure 4 ie, then, the proposed phase diagram for the V 03--V205
system. The liguidus for most of the diagram is still unknown. The homo-
geneous range of each intermediate phase is very narrow, except for V‘,sO5
and V6013. In the V_O_ phase, a homogenecus range appears to extend from

35

. ) o
yol.Gh to VO An eutectic reaction at 650°C between V 05 and V6 13

1.71°
was confirmed from D.T.A. The eutectic composition may be near VGe'us.
The V‘6013 phase incongruently decomposes into VO2 and a V205-rich liquid
at 708°C.

Figure 5 shows the result of equilibrium oxygen activity studies.

The oxygen activity p02 corresponding to those of CO—002 gas mixtures were
read f&omIPorter’s( 21) table. It should be noted that, unfortunately,
there ere no .appropriate ges mixtures available for obtzining pO2 between
1072 and 1077 conveniently and hence for studying the high Magneli phase
(v7 13) and VO, fields.

The data obtained from these experiments and the closed system date
are combined to give the oxygen iscbar curves of Figure L. The oxygen
jsobar curves shown at the‘Vao5 gide of the diagram are calculated from
Milan's(aa) and Flood and Kleppals® (25) data, since they were in good

agreement with the liquidus curve data determined herein by D.T.A, The




(o]

most important result of this study is to establish that V205 can be

melted essentially i engcuently at 1 atm, 02. Indeed most \1205 rich glasses
and compouuds melted in air or oxygen will, therefore, show essentially
no reduction whatever,
(53) RElectrical Conductivity and the Nature of Phase Transitions in the

Invermediate Phases

Figure 9 shows a summary of the electrical conductivity measurements
taken from reference (1k4). V05 and VO, exhibit the expected meta 1-to-
insulator transition with an abrupt change of a factor of 10tj in good
agreeme;xt with Mor.’m's(g) experiments made on single crystal specimens.
Meanwhile, VhO.T and v6013 have & transition with a conductivity change
by a factor of 102. \13()5 and V509 do not show any signiTicant changes.
The abrupt change in the conductivity of V203, VO2 s VuO,Z and V,).O15 does
not, of course, necessarily meen that these phase changes are first-order.
Recently Minomura and Nagasaki( 24) studied the changes in volume of V203
and V02 at the transition temperature and found a discontinuity in V203
but no discontimuity in VOE. This suggests that the transition in V203
is certainly first-order and that the transition in V02 is possibly second-
order. Our D.T.A. results indicate, however, a finite AH for the VO,
transition and thercby confirm a first-order nature for the change. It
appears then that V02 is another example of the mixed first~ and second-
order behavior common to many transitions as shown in the studies by
Majumdar and Roy(25 ) . Kachi, Minomura, et al.(26) aiso studied the volume
change in V60]‘3 at the transitior temperature and found no discontinuity

in the volume, but only a chsnge in slope of the curve, again suggesting

shih
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a second-order transition. Howerer, here also D.T.A. shous z symmetrical
endotherm, which can only result from s dsfinite, discontinuous enthaipy

of transition making this also a first~order change. Iu the study of

(25)

Ma jumdar .and Roy it was noted that the AV {erm wss usuelly the most

2
10,11,12,13)

difficclt to determine accurately. The V2 3 and VO, metal~to-insulator
transiticns have-been discussed by many authorgg’ In these
discussions, V2 3 and VO are normal semicomductors below the transition
points with valence and conduction band serarated by an energy gap. There
are two possible explanations for the changes in the energy gsp at the
transition,-~one is the antiferromagnetic spin ordering(g), the other is
overlapping of "d" orbitals due to crystalline distortion. In analogy
with the volume-enthalpy dichotomy, these two processes are, of course,

not mutually exclusive. The antiferromagnetic ordering provides a com-
ceptual mechenism for a continuous change in the function which correlates
with the volume change. Superimposed on this is the noncontinuous crystal-
lographic change accompanied by a finite A in both cases, but which
requires only a very small extra AV (unmeasurable in the case of VOE).

This mixed-transition theory may also explain the discrepancy that exists

among results of NMR, neutron diffraction and Méssbauer spectra with

respect to the magnetism of these oxides.
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. Tabie I. Vanadinm Oxides Fheses
Structure Phase Crystal System
Corurdum v ?O, Rhomboliedral
An=sovite VBO,) Monoclinic
1 ‘ y
v 0y { v,0; Teiclinie
Magnell V509 Triclinic
phases v6011 Triclinic
baszd on the V,(Ol} Triclinic
*
rutile VBQIS Priclinic
structuces VOQ Monoclinic
\16915 Monoclinie
' V205 Orinorhombic
. ¥ This phase was not encountered in _p_’g_@i study.
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Tabln. III. Hagnetic Datas on Vanadium Uxides

Yhasge Magnctiom Neél Point Weiss Temperature Yon. :
{Transition Poiat) (Bohr Magneton
Number) :

“'9'33 entiferro. (%) 168°K - 72K 2.63
V05 zntiferro. (7Y . 235 £ 3 -302 2.77
% antiferro. (i} 330 £ 3 -1k2 2.82
V.0 antiferro. {?) 162 -1h2 2.60
59
e . — - b 2.1k
k" s¥11. para T
v 7O 13 para. —— -107 2.30
0, aatiferro. (7) 345 & 3 -292 2.16
V623 antiterrc. (?) 154 ~177 2.13
- : — — o
vV 205 dia.
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FIGURE LEGENDS

Figure 1. Magnetic susceplibility curves of two phase mixtures.
Figure 2. D.T.A. curves of vanedium cxides.
Figure 3. D.%.A. curves of vanadium ovides, in the composition range of voa-
V'ZOS'
Figure 4., Partial phase disgram for the system v203-v205. Closed system
runs are indicated by circles, Open circles are one-phase regions,
black circles are two-phase regions, Light dashed lines are
oxygen isobars, with pressures indicated in atmospheres. The
isobars on the left are derived from the p-T relations of Figure 5.
Isobars on right are calculated from Milan's(ga) data. The two
points on the liquidus were obtained ty D.T.A.
Figure 5. p02-T diagram for Magneli phase region. Boundaries are based on
open-system runs shown by various symbols. All solid phases '

co-exist with vapor.

Figur= 6. Blectrical conductivity of vanadium oxides.
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